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ABSTRACT 


A practical solution to the problem of realizing a signal 
transmission method for a secure voice communications system 
On an aircraft carrier flight-deck was the objective of this 
investigation. Inductive coupling was ON eae to transfer 
the signal. By using a very low frequency, less than 100 
KHZ, and small coils, radiation was minimized. 

The resultant device was an audio transceiver MODEM in 
which narrow-band frequency modulation was applied at a 
carrier frequency of 50 KHZ by a voice signal bandlimited 
from 300 HZ to 3 KHZ to enable application of the communica- 
tions scheme. 


The system was demonstrated by building a portion of a 


complete system on a simulated steel flight-deck. 
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I. INTRODUCTION 


Deeplec the depree Of Sophistication modern communications 
technology has attained, the problem of security still poses 
PS eiehMomGlimedts COMieitary forces operating in hostile en- 
vironments. The problem manifests itself in all scales of 
systems, whether it be large data communications networks or 
in the simplest two-way radio link. 

Realizing a secure or covert communications network 
usually necessitates the use of extremely complex hardware 
(and sometimes software) configurations which at times can 
be rather extensive in physical space consumptions, cause 
reliability problems and increase the cost of a system by 
Gmeensideraple amount. In the case of large-scale communica- 
tions systems, the security obtained may greatly outweigh 
these apparent disadvantages, thereby justifying employment 
of such a scheme. 

However, large systems are not the only types which may 
Hel remoeme deoree Of Security, since an application in 
Tile wmeansomalie singles Ciianne! Circuit 1s utilized may have 
need for some type of cover also. When considering a small 
system, the tradeoffs mentioned above do not follow the same 
set of ground rules eines compactness and portability are 
usually prime criteria. Cost may also be a major factor. 
Seat lieeethe Lull cover utilized in larger systems would be 
eeeretivesin Smaller units as well, but the complexity in- 


volved in the realization of such a scheme simply does not 





lend itself to efficient solution on a smaller Scame, “he 
main question that arises then is one of whether or not a 
small communications system can be provided with the ability 
to make impossible hostile interception to the transmitted 
Signal. The working device that resulted from this study 


1s one answer to this question. 


DweeeSlLALEMENT OF THE PROBLEM 

Many present military operations are coordinated by means 
of voice transceiver networks which vary in complexity from 
single to Peieeinie sehen es systems. In this thesis the study 
was concentrated on the case which dealt with communications 
omethe tlight-deck of an aircraft carrier. The basic premise 
was that regardless of the apparent importance of any trans- 
mitted information, the interception of the signal could 
misc ies LOCATION OLetme Unit towbe pinpointed to a hostile 
party and provide a means for a hostile aircraft or missile 
to home onto the carrier. The necessity of making impossible 
Moot mbcuiMterception of this Signal was. the driving force for 


this thesis. 


Be) VEFINING RE "PROBLEM 

At this@point a simple premise can be invoked: if the 
CHetyeas unable to detect the signal being transmitted, he 
Vi eect Meee sine lestowrind the carrier by means of the 
tmansmission. “With this hypothesis accepted, the problem 
Peewee the realm of transmission security, or covert 
Eemmlumiecdtrons, and tive problem can be concisely stated: 


"Devise a system for flight-deck communications from which 


$ 





there is absolutely no detectable radiation that could be 
used for homing by enemy aircraft or missiles." 
1. General Considerations 

The general nature of the problem statement presented 
emrange of selections for the specific thesis application. 
The approach decided on was to design and build a working 
model which would completely realize the theory involved, 
while at the same time would not represent a purely theoret- 
ical peeeie ch cittert. “With this in mind, the problem then 
became the design and construction of a voice modulator- 
demodulator (MODEM) transceiver with an output/input stage 
providing coupling to the desired receiver without producing 
a radiation field. 

FoOmeche pUapesegos CONMmUNIEcGations,agsexries and 
parallel configuration of coils was considered to be placed 
on the flightadeck. The total size of this assembly of coils 
was smaller than the wavelength which was dealt with (6,000 
meters for the carrier frequency of 50 KHZ). The size of a 
Single coil was then much much smaller than a wavelength. 
This small size became a major factor in minimizing the 
radiation. Indeed, the calculations presented in Appendix A 
of this thesis show that the vertical component of the 
elijemrprc ftield for a single coil is undetectably small, even 
te Vem memouEmdrotances from the coil. <A plot of electric 
inaeldeveemvertical distance from the coil is showh in 
Paes] . 

Mimeiteton, 1ve Unit Coils were coupled in such a 


way that the polarization would be opposite for adjacent 
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coils, providing a cancellation of the radiation from adjacent 
=ooplc in che far-field. 

ie Seecond=ssee OL erlteria considered was that of 
compactness, reliability, low cost and simplicity. Compact- 
ness indicated that the use of integrated circuitry (IC) 
would be required and epecieteamiy, the use of “standard "od — 
the-shelf" integrated circuits would enhance reliability and 
iiin~ze the cost. Simplicity would then follow as a natural 
result since integrated circuits allow the system to be de- 
Signed in functional modules, as opposed to integrating many 
discrete components. 

To obtain communications on a radio-frequency carrier 
it 1s necessary that some type of modulation process be em- 
ployed. The requirements of eliminating (in the worst con- 
weei1ons, redweang) interference at the receiver on a carrier 
bt ieedeck whee radio-frequency noise is a problem, and of 
flower inzgacion Of a Simple and inexpensive modulation equip- 
ment, led to the decision to use narrow-bam frequency modu- 
lation (NBFM) techniques. 

Diemearr tere neoduche weave was Selected had to bem 
Piemrew-otrequceucy (LP\yeresten (50 KHZ for experimental pur- 
poses) to minimize the possibility of radiation from the 
Sys Gem. 

The=next step was to design and construct the cir- 
Pemeierdmreds tO Tealizewtne concept. This is described in 


Paree.il of this thesis. 
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It. DISCUSSION OF THE COUPLING SYSTEM 


A. REQUIREMENTS 
moo oulevacton O1 Collis Above the Steel Deck 

Mtemarlrst Criteria to be considered was the inductance 
fiea unit Coil, <Any drastic change of thi “inductance with 
frequency would also cause the quality factor (Q) and the 
Mamawidath of the coil to vary, thus minimizing the reliability 
of communications. 

For the purpose of inductance measurements the set- 
up shown in Figure 1 was used. The two sets of data taken 
corresponded to the inductance of the coil when the coil was 
milaced on the steel plate and 1.5 inches above it, respec- 


tively, for a range of frequencies from 5 to 100 KHZ. 


Twisted Line #12 Gauge Single 


Conauctor vis ated 
Copper Wire 


| 

| 

| 

| 
IMPEVANCE | 


BRIDGE 





_—t+ &" Thick Steel 
Plate 
ieure 1,) Set-up for Inductance Measurements. 


To measure the inductance at this frequency range an 
impedance bridge (esi MODEL 250-DA) was utilized. This 
Merdec had limited accuracy in the range from 10 to 100 KHd2. 


The problem of inaccuracy in the measurement was not of a 


great importance however, since the change of inductance with 


i 





respect to frequency was the point of interest rather than 
mie precise value of inductance at every frequency. The 
meets Of the inductance of the coil vs. frequency for two 


heights are shown in Figure 2. 
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e550 2220 O30 J250 e0 Frequency (KHZ) 
Freure 2: Inductance of the Coil vs. Height. 


From these plots it was seen that when the coil was 
placed 1.5 inches above the steel plate, its inductance 
showed a more uniform distribution over the frequency range 
mie interest than in the case where the coil was in touch 
meth the steel plate. From this point on, all the experi- 
ments were conducted using the coil(s) 1.5 inches above the 
meee! plate. 

2. Energy Transfer by Means of Inductive Coupling 

Tiemeceeconcmset Of Criteria to be considered was 
Whether or not an energy transfer between the coil and a 


Small pick-up coil could be possible by means of inductive 


Ls 





coupling and the strength of this transfered energy would be 
of a detectable level. The arrangement shown in Figure 3 was 


utilized to measure the value of the induced signal. 


IMPEDANCE 9 pe-—-------- = 
TRANSFORMER ; Stee] 












SIGNAL 
GENERATOR 


(WAVETEK MODEL 142) 


Voltmeter 


Figure 3. Measurement of the Induced Signal. 


Because of the very low impedance of the coil (0.5 ohm @ 

50 KHZ) an impedance transformer with a turn ratio of 100 to 
Mewas used to couple the signal generator with 50 ohm output 
MPAVETEK MODEL 142) to the coil. 

The results of this measurement, plotted in Figure 4 
mer trequencies up to 100 KHZ, showed that a detectable sig- 
nal could be obtained above 20 KHZ with a very low input 
power, and the signal became stronger with increasing 
frequency. 

COUP emmge VS. FOSdpton of the sBick-up Coil 
rorweereliabwe Communications system 1t was evident 
that the coupling between the assembly of coils placed on 


Siew tiaene-deck and the pick-up coil carried under the shoes 
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of flight-deck personnel had to be reasonably independent of 
position of the pick-up coil. The omission of this require- 
ment would limit the movement of flight-deck personnel, 
hecessitating transmitting and/or receiving to be done in a 


fixed position on the flight-deck. 


& 
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(mV ) 

“ 
fad 
cr 
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fer 
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oy | 
a Si I a 
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Prequeney aids 


Fioure 4, Induced Signal vs. Frequency. 


ine measurements of the induced signal at the pick-up 
Mert With increasing distance from the coil toward its center, 
and increasing height from the plane of the coil along the 
center axis showed that a coupling reasonably independent of 
tne position of the pick-up coil could be obtained. The re- 
sults of these measurements for different frequencies are 


meotted in Figures 5 and 6, respectively. 
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Figure 5. Induced Voltage vs. Distance from Coil. 
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Figure 6. Induced Voltage vs. Elevation of Pick-up Coil 
Pitone the Center Axis. 
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Pemecoll SYSTEM DESIGN 
foe youeal Consaderations 

In accordance with the study previously presented, it 
is to be remembered that the coils had to have a certain ele- 
vation above the steel flight-deck to obtain more uniform re- 
buhts Over a band of frequencies. This is obvi@wsly a factor 
meen limits the use of the system on a steel flight-deck 
without a wood overlay. A possible solution to the problem 
might be to use a coil configuration with the coils placed 
in channels opened on the flight-deck, as shown in Figure 7. 
After the coils are laid, these channels can be filled up 
with a hardening solvent for the use of the flight-deck. It 
is to be noted that this scheme would require further inves- 


tueataon of its feasibility. 






Ti 
Li) 


YY) i: Te My Yi 


Fores’. A oememne for the Placement of Coils, 


FUrEReCTMOneemtmeanonskidsmaterial covering the steel 
deck and the dense number of light-water nozzles and tie- 
downs spread over the area of flight-decks require the use 
of the system on a future aircraft carrier rather than the 
mmes in service today. 

iemeumitois tO be Nent1oned that ene possibility of 
communications using frequency modulation techniques with the 


meats placed direetly on the steel flight-deck was left as an 
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open area for further investigation. If reliable communica- 
tions were to be obtained with this scheme, then the placement 
of coils on the steel deck (under the nonskid material) could 
possibly be applicable to today's carriers. 

weeecoupling of Coils 

As mentioned earlier, to obtain a cancellation of 

radiation from adjacent coils, these coils had to be opposite- 
mepebarized. A method for obtaining an opposite polarization 
for every adjacent coil can be a series coupling between them 
Zeomewn in Figure 8 for four coils. 


+ 
. Field 


Upward 


Field 


(+) (X) Downward 


Meetre G. Series Coupling of Four Coils with Polarization. 


PmeMionpoilnt, it 15 mot to be forgotten that reli- 
ability of communications system was also a major requirement 
mo be realized, as well as security. With this in mind, one 
mamestate that the system is far from being reliable with 
Mmems series configuration of coils. Indeed, the flight-deck 
Meme dircraft carrier is likely to be damaged in every kind 
of environment (hostile or friendly), and a break in any coil 
Bieethe series configuration will cause a loss of the 
Sinications. 

mecolurvon fOr the requirement of reliable communica- 


mons Can be stated to be a series and parallel COun Ieee 
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between the coils as shown in Figure 9. With this series- 
parallel configuration, if one coil is damaged, there is 
Still a chance to communicate reliably, except in the strip 
of coils where the damaged coil is located. Also, it is 
necessary that the output line from the island of the ship 
must be coupled to the system by using an impedance trans- 
former, because of the very low impedance of the parallel 
configuration of strips of coils. 

The completed coil system is presented in more de- 


tail in Part III-B of this thesis. 
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ITT. SYSTEM DESIGN AND RESULTS OF EXPERIMENTS 


System design was predicated on the criteria previously 
mentioned. That is, it is to be a working model which en- 
pe seinductive coupling between transmitter and receiver 
stages without producing a radiation field, and narrow-band 
frequency modulation techniques to obtain communications on 


a radio-frequency carrier. 


PyeeeeveRALL SYSTEM DESCRIPTION 

Figure 10 depicts a general block diagram of a complete 
communications system. Basically, the audio Signal is modu- 
imesedeon a Carrier suitable for transmission, fed to the 
transmitter stage in this form and is then sent out over the 
meri System previously discussed. At the recciver the signal 
meereceivyed by means of a pick-up coil, the proper frequency 
band is selected and fed to the inverse processing hardware, 
which detects the signal and converts it to an audio output. 

lee transmitter 

In order to process the audio signal into a form 

eumanie for transmission, this audio signal is first ampli- 
ede amplitude limited to eliminate noise spikes and limit 
audio amplitude, and band-pass filtered from 300 HZ to 3 hH2Z. 
This band-limited signal then frequency modulates a sinusoidal 
Serriem ot 50 KHZ, which in turn is amplified before being fed 
meee coi1l Configuration. The transmitter block diagram is 
shown in Figure 11. For experimental purposcs a WAVETEK MODEL 


142 oscillator was used for the modulation and RF amplification 
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process. To band-limit the audio signal, an active filter 
(Second order Butterworth filter) was utilized to obtain a 
closer approximation to the ideal bandpass response than a 
regular RC bandpass filter would give. 
eee Gelver 

At the receiver the signal isenreceived by a pick-up 
peomreand amplified toua detectable level, Then the proper 
frequcncy band is selected using a bandpass filter. Again, 
this filter is active (second-order Butterworth) for a 
Piltmper CUC-Oit. Since the received signal is a narrow-band 
FM signal, it is composed of a carrier and a single pair of 
Sidebands with frequencies w_ + Wa Pomilecihe One liele rT, 


c 


the modulating signal (audio signal) has a maximum frequency 


(Lu 


Be 5 KHZ, This led to the decision to build an active ban 
pass filter with a bandwidth of 6 KHZ, namely, from 47 kHZ 
to 53 KHZ for a carrier mpecequency OL 50 KHZ. The band-limited 
FM signal is then limited, detected, and preamplified for 
audio output. 

The block diagram of the receiver is shown in Figure 
ieee Cali. £6r Experimental purposes, Fairchild's MODEL CA 
Su7o Chip 1S Utilized for the detection of the audio signal. 
ito system CONSIStS emamlimiting amplifier, a differential 
Meakedetector and ain amternally biased audio preamplifier 
(Refs. 4 and 5S). 

| See ewe re Cons1acraGions 

ieeneasire che reduirced power for communications, two 

MearomOr CXperiments were conducted. First, a single coil was 


Memirectecd tO the transmitter and the output of the transmit 
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Stage was increased until a detectable signal could be obtained 
at the center of the coil where the weakest field existed. At 
that instant the volt-ampere product was determined to be 2.56 
mV-amps. Then the same procedure was repeated, but this time 
using four coils in series, connected to the transmitter as 
shown in Figure 8. The required power for a detectable sig- 
nal for this experiment was measured to be 2.65 mV-amps. In 
the preliminary measurements, it was seen that the impedance 
of four coils in series was four times greater than the inm- 
pedance of a single coil for the frequency range from S KHZ 
to 100 KHZ. The measurements mentioned above showed that the 
power did not follow this linearity with the increasing num- 
ber of coils. Then, it was decided that this nonlinearity 
eenid We explaimiea by iron losses on the steel plate caused 
by edge effects which increased the amount of required power 
in the case of the experiments performed using a single coil. 
In the previous part of this thesis it was mentioned 
that a possible coil system design would be a series and 
porevleleeoldl configuration, that 1s, a number of series 
Eomlice woulda be Coupled in parallel strips by means of main 
ines. mtrethe strip located at the widest part of the flight- 
deck (with a starboard-port width of 230 feet) was taken into 
account, an approximate number of 140 unit coils could Bee 
SemMmeted etre very Strip contained only one line of coils 
in series. (This number was obtained using the dimensions 
of the square coils experimented with, namely, 1.6 feet.) 
But it was decided that a reasonable strip width where a loss 


of communications caused by any damaged coil would not affect 
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the whole communications system greatly, could be about one 
Merete  Nith this in mind, every strip resulted in having 
Piewtiee ot Gols In S€ries per strip, in other words, 280 
Souls per strip, or less. (Here, it is to be noted that 
these figures are subject for further investigation.) 

At this point, a statement was to be .made that re- 
Hrable communications On one strip of coils could be pos- 
Sible using a very small amount of power (less than 1 V-amp) 
due to the required power not being proportional to the in- 
creasing number of coils. This statement was also true for 
tic assembly of strips of coils, since the signal would be 
Sipliried betore beine fed to every strip, as shown in 
fPeeire. so, thereby increasing the signal power to amdetectable 


mevel im €ach strip. 


Pee COMMUNICATIONS IN THE REVERSE DIRECTION 

Up to this point only a communications scheme from the 
mianeawoft the ship to the flight-deck has been discussed. 

It is obvious that a system designed on a one-way communica- 
tions basis is incomplete for operational and tactical pur- 
MesecanmOlealh alrcratt Carrier, and an improvement of the 
Perm aiersystem py whitch communications in the reverse direc- 
Pmioiewill be possible 15 needed. 

The first criteria to be considered was whether or not a 
Souol@menbetween the pick-up coil and the coils on the deck 
would result in reliable communications if an FM signal was 
eepetmlyeied to tne pick-up coil. Once this possibility is 


healized, then communications from deck to island and from 


ZO 








deck to deck would be possible, since the flight-deck per- 
sonnel could carry the transmitter as well as the receiver. 

Experiments performed with four coils in series showed 
that this possibility was true, even with the same amount 
of power as required in the previous case where the signal 
had been fed to the coils. This factor led to the decision 
to assemble the transmitter and the receiver to form a 
transceiver MODEM. The completed device is shown in block 
diagram in Figure 13. 

The second criteria was the proper coupling of the strips 
to obtain communications from deck to island and deck to 
deck. One of the major problems to be solved was the very 
low impedance of the strips caused by parallel coupling. 
This led to the decision that an impedance transformer was 
required at the output of every strip. With this scheme, 
the RTO CES c Gi a Paveleular transmitting strip could be 
matched to the impedance of the rest of the configuration. 
But in the receiving mode for this particular strip, the 
signal had to by-pass the impedance transformer located at 
its output, since the impedance matching was achieved by 
the transmitting strip itself. 

Moreover, every strip needed a transmit and a receiving 
amplifier at its output to realize communications using a 
very low amount of transmitted power, as discussed earlier. 
miese itae@rors necessitated the use of different input and 
Puepue Sic¢nal paths for each strip. 

One possible scheme to accomplish this is shown in 


Figure 14, where a functional diagram of the parallel coupling 
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System tor a Single Strip is presented. The signal transmit- 
ted from the strip passes through a loop which includes an 
impedance transformer and an amplifier. On the other hand, ~ 
for the receiving mode, the signal follows another path where 
a receiving amplifier is located. These two branches are 
Connected to the main line leading to the rest of the system, 
by means of a voltage controlled analog switch. When the 
Me@eomtGdismltS, this Switch removes the receiving amplifier 
and connects the impedance transformer and the transmit am- 
pittrer tO the main line. In the receiving mode for the 
strip, it disconnects the transmit path from the main line 
and allows the signal to pass to the strip through the re- 
Seep hihitcr sine Mai Objectives of the study dictated 
that the detailed design of the voltage controlled analog 


Switch would be left as further investigation subject. 


C. OPTIMUM COIL SIZE 

The experiments done throughout the study showed that 
there was a loss of communications when the pick-up coil was 
placed symmetrically above the coils which carried a current 
flowing in the same direction, as shown in Figure 15 for 
dvftferent coil spacings. This was due to the cancellation of 
i weurreoiemanmcdiceduinwdrtherent directions in the pick-up 
Coil, thereby creating a number of trouble spots in the coil 
system. One solution to this problem was to devise a system 
Pirie OuliIplts einai DICK-Up Cco1lls placed under both shoes 
TiGmuvmetewould Operate on the stronger signal, no matter what 


polarity. 
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Proms COILS 


Peaches “UD Pick-up 
Com! Corl 


iia 


meoure 5. lreuble Points for Different Spacing of Coils. 


(b) 


Miewsoyscen shown in Figure 16 is one possible circuit 
which will select the stronger induced signal and pass it to 
the receiver by means of two analog gates and a trigger cir- 
Bete oeain, mot to interfere with the.main objective of 
this study, the detailed analysis of this circuitry was left 


as further investigation subject. 
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Figure 16. A Possible Scheme to Select the Stronger Signal. 


To Receiver 


Pemempeimt se eiwas decided that the probability of at 
Peas twonewD1Gx-up Coll being out of trouble points was a 
question to be considered. This, of course, manifested it- 
self as a function of the number of trouble points on the 
Seetwmeadececordingly as a function of coil size. The larger 


mjemecOtls were, the smallcr would be the number of trouble 


a 





spots on the deck, thus giving a greater probability of ob- 
Pao weestonal witm C€ither one of the pick-up coils. But 
this hypothesis had a limitation, namely, power requirements. 
feeveoesnown in Part T1-A (3))and Figure 5 that the intensity 
Gt tne field decreases in the center of the coils. It is 
Ewrcdent tiat the bigeer the coils, the more power needed to 
fHeod tne COolLls in order to have a Cae ae ae Signal at the 
ate reOrececi co1l. ~Inen, 1t was decided that the optimum 
coil size would only be defined by the tradeoffs mentioned 
2 Dende 

As a future investigation, one way to arrive at a con- 
Slustoneon the Optimum coll size will be™to go through the 
Seem proOccaure of Experiments conducted in this study, but 
using larger coils and to measure minimum amount of power 


modulred for a detectaplle signal in every loop of coil. 





IV. CONCLUSIONS 


At the outset of this report, the statement was made to 
the effect that the finished product was to be a working 
model which would illustrate a technique whereby a frequency 
modulated carrier by an audio signal coure be transmitted 
ema received Using inductive coupling, thereby giving the 
feature of covertness to a simple transceiver network. The 
Marddienlowen developed does indeed fulfill these require- 
ments, as has been illustrated in the preceding sections. 

In addition to fulfilling the requirements concerned 
wath Cireuit design, reliability and simplicity, the added 
feature of an efficient coil configuration also evolved from 
the study. dhe total size of this coil configuration being 
much smaller than the wavelength of the transmitted signal 
feeezesethe radiation. “Moreover, the opposite polariza- 
tion of adjacent coils provides a cancellation of the radia- 
tion from these coils in the far-field, thereby giving the 
Peature on SecUrity to the total system. 

A portion of the complete system built for experimental 
purposes demonstrates the theory required for the eventual 
design and construction of the actual communications system. 
Since the groundwork for secure flight-deck communications 
TimeccimsOnlCiuteda by the realization of this transceiver 
Powe om mecec igs tt 15 appropriate at this time to recommend 
topics of possible follow-on work which would be pursued 


toward the complete problem solution. 
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The first area of concern is that the communications sys- 
tem in its present state uses coils about 1.5 inches above 
the steel deck. Thus a wooden overlay is required on the 
flight-deck for mounting of the coils. Although the induc- 
tance of an elevated coil showed a more uniform distribution 
over the frequency range in interest than the inductance of 
the one placed on the steel, as presented in Figure 2, an 
area of future investigation still exists, namely, the pos- 
Sibility of reliable communications using frequency modula- 
tion techniques with the coils placed directly on a steel 
deck. If this scheme gives better results than the one 
previously tried, then the placement of coils will be much 
easier and applicable to carriers in service today having 
steel] flight-decks without a wood overlay. 

A second area of possible improvement is the method of 
Gompuane the coils. The present method uses series coils 
coupled together in parallel strips along the width of the 
deck with a highly dense circuitry (main lines, amplifiers, 
impedance transformers, etc.). A possible improvement would 
Peromicc eC liptic strips Of series Coils covering the 
Pement CcehweOr ad cOltiguration of strips placed along the 
length of the deck, instead of the width, thereby decreasing 
PeewMiiberNOtestrips. Evidently, this decreased amount of 
Senips would @equire Less circuitry for parallel coupling 
Beaween the strips. 

immeadddgtion, the wsable deck area could be calculated 
excluding catapults and elevators, and/or Ene shame of coils 


Mieramovemclanved irom Square to rectangular, theregy rendering 
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the communications to be realized with a minimized number of 
coils, accordingly with a less amount of required power. 

The third consideration is, of course, design and fab- 
rication of the transceiver. An improved device could be 
built with capability of operating in several communications 
channels. This would be possible by designing an FM oscil- 
lator which would produce different carraer frequencies in 
DiewuP ren wOn, and a receiver bandpass filter with the 
ability of selecting more than one frequency band for even- 
Eueuedeteect1on. hus several communications channels could 
be provided with no interference between channels. 

In any event, the initial task of demonstrating a se- 
cure flight-deck communications technique has been realized, 
and it is the hone of the author that future research and 
development will eventually lead to a complete operational 


system. 





Peon xk A. CALCULATION OF THE VERTICAL COMPONENT OF THE 
ELECTRIC FIELD RADIATED FROM A SINGLE COIL 

The following equation is obtained from elementary-dipole 
theory and is applicable to low-frequency antennas. It as- 
sumes that the earth is a perfect reflector, the antenna di- 
mensions are small compared with A, and fe actual height 
does not exceed ¥A. 

ice erie cCoOnponencnonk clectri1c field radiated in the 
ground plane, at distances so short that pround attenuation 


ieee be neglected (usually when D<Al10 ), is given by 
ey ae is | ae) 


where 
E = field strength in millivolts/meter, 
I = current at base of antenna in amperes, 
h. = effective height of antenna, 
= wavelength in same units as Me and 
D = distance in kilometers. 
For a loop antenna the effective height can be caiculated 


by the following equation: 


h =2n nA/A 
e 


where 


A Meanearea per turn of loop and 


number of turns. 


n 
Uae tie numbers Obtained in the measurements throughout 
Piemetudyyethe electric field strength was plotted as a func- 


maemo it crcasine distance from the coil in kilometers. This 
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plot, which is presented in Figure 17, shows that the elec- 
tric field radiated from a single coil is at an undetectable 
level (actually buried in noise), even for very short dis- 


tances. (E = 2.306 x io V/m @ 1 km.) 
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